Introduction
Head and neck cancers (HNCs) represent the sixth most common carcinoma worldwide, with an estimated incidence of .500,000 new cases each year. [1] [2] [3] They are also a major oncologic burden in developing countries (age-standardized rate of incidence of 10-30/100,000). 4 There are various treatments for HNCs, including postoperative radiotherapy, chemoradiotherapy, radical radiotherapy and induction chemotherapy, followed by concurrent chemoradiotherapy and bio-radiotherapy which are developed recently. 5 Since X-rays were invented by WC Roentgen in 1895, submit your manuscript | www.dovepress.com
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liu et al radiation has been used for different malignancies and for benign conditions. However, the concept of fractionation was unknown. Thor Stenbeck used a treatment to cure skin cancer in which small doses of radiation were given each day, which was subsequently called "fractionation radiotherapy". 6 Later studies by Coutard showed that protracted fractionation in throat cancers resulted in tolerance of the skin and mucous membranes as well as improvement in the tumor response. 7 Conventional fractionation radiotherapy (CF) with 1.8-2.0 Gy per fraction was found to give good local control and lead to low normal tissue complication rates. 8 Different fractionation schedules came into practice with a better understanding of the "four Rs" of radiobiology and biologically effective doses. Since the 1980s, different radiotherapy methods have been developed, including altered fractionation radiotherapy, hyperfractionated radiotherapy (HF), accelerated fractionation radiotherapy (AF), accelerated hyperfractionated radiotherapy (HART), hypofractionation and combinations of these. 9 The differences between these unconventional fractionation radiotherapy methods depend on their doses and the amount of time. HF is delivered through a greater number of smaller treatment doses. In AF, radiotherapy is delivered in lesser amount of time, with greater number of treatments per day. In HART, the number of treatments per day and treatment doses are greater. In hypofractionation, the number of fractions that are delivered are decreased by increasing daily treatment doses. 10 Many modified fractionation schemes have shown an improvement in overall survival (OS) and locoregional control (LRC) compared to standard fractionation in randomized clinical trials. [11] [12] [13] [14] [15] [16] [17] [18] Several meta-analyses have compared two different radiotherapy methods with or without chemotherapy. [19] [20] [21] [22] [23] However, randomized comparisons of all these strategies have not been carried out so far. This study adopted network meta-analysis (NMA) to conduct a comprehensive comparative analysis of the efficacy and safety of various altered fractionation radiotherapy strategies or their combinations with chemotherapy based on published original literature, aiming to provide evidence for clinical decision making.
Methods search strategies and study selection
PubMed, EMBASE and the Cochrane Central Register of Controlled Trials (CENTRAL) were searched for potentially eligible studies published from inception to December 2016. Search terms were the combination of subject words and free words of the keywords "head and neck cancer", "hyperfraction*", "accelerated fractionation*" and "Randomized Controlled Trial". The details of the search strategies for every database are provided in the Supplementary materials. In addition, we scanned the reference lists of the existing systematic reviews and meta-analyses relevant to this NMA for additional trials. We restricted the language to English.
The titles and abstracts were identified, and the full texts of potentially eligible studies were reviewed in duplicate by two reviewers (Yingyu Liu and Yangyu Zhang) independently. We conducted the meta-analysis and reported the results according to the PRISMA statement.
inclusion and exclusion criteria
To be eligible, trials were required to meet the following inclusion criteria: 1) Study objective: Patients with HNCs, which were defined according to the Medical Subject Headings categories, including oral cavity, oropharyngeal, hypopharyngeal, laryngeal, esophageal and nasopharyngeal carcinomas, were eligible. 2) Study intervention: Comparison between altered fractionation radiotherapy (accelerated or/and hyperfractionated) with or without chemotherapy and conventional radiotherapy (1.8-2.0 Gy/fraction per day for 5 days/week), or to be specific, comparison between CF, conventional fractionation chemoradiotherapy (CF_CRT), HF, hyperfractionated chemoradiotherapy (HF_CRT), AF, accelerated fractionation chemoradiotherapy (AF_CRT), HART or accelerated hyperfractionated chemoradiotherapy (HACRT) was eligible for analysis. 3) Outcome parameters: OS, disease-free survival (DFS) and LRC were the indexes used to evaluate the efficacy. The assessment of safety included acute and late toxicity on skin and mucosa. Radiotherapy-related toxicities were graded according to the Acute and Late Scoring Criteria of the Radiation Therapy Oncology Group and the European Organization for Research and Treatment of Cancer, 24 and chemotherapy-related toxicities were scored using the WHO criteria. 25 Incidence of toxicities of grade $3 was recorded. 4) Study design: Randomized controlled trials were included for analysis. Trials were excluded if they were: conference papers or abstracts; duplicates, as confirmed by the trial number; confounded by additional therapeutic differences, such as a monoclonal antibody or sensitizer; or with incomplete outcome data, selective reporting or other obvious bias. We assessed the risk of bias according to the Cochrane Handbook for Systematic Reviews of Interventions (Version 5.0.0), 28 including the following items: generation of a randomization sequence, allocation concealment, blinding, incomplete outcome data, selective reporting and other bias.
statistical analyses
To compare the relative effects and safety of altered fractionation radiotherapy with or without chemotherapy in the treatment of HNC, we conducted an NMA in a Bayesian framework. The random-effects model was adopted. BrooksGelman-Rubin and trace plots were used to diagnose and assess the convergence of models. Four chains were fit with 20,000 burn-ins and 5,000 iterations each. We used the HR and its 95% credible interval (CrI) to measure the relative efficacy size with log-transformed HRs from each trial and the corresponding standard errors, while for binary outcomes, the safety was assessed with risk ratio (RR) and 95% CrI. A significantly increased HR or RR (HR or RR .1) suggested that one therapy may be less efficacious and safer than another, and a 95% CrI in that range did not include 1, indicating a statistically significant difference and vice versa. CrIs can be interpreted as conventional CIs in the presence of minimally informative priors.
NMA also provided a ranking probability of each treatment if the probability of each arm achieving the best rank among all treatments was calculated. The surface under the cumulative ranking curve (SUCRA) was computed to help identify the most appropriate treatment for each outcome. A larger SUCRA value represented a better rank. In the forest plots, we ranked the effects of the treatment regimens according to SUCRA values. Furthermore, node-splitting models were adopted to test the inconsistency of each comparison, and a P-value ,0.05 indicated the significance of the inconsistency. All the analyses were performed with the R 3.4.1 packages "Gemtc" and JAGS.
Results
search results
The search strategy identified 2,082 studies, and through reviewing the reference lists of all eligible articles and relevant systematic reviews, we identified 24 additional studies. After excluding duplicate studies, screening titles and abstracts and reading full texts, 72 studies with 21,868 participants were included in the analysis. PRISMA flowcharts are shown in Figure 1 . Within the included studies, 40 (55.6%) provided the details about randomization methods, and most studies did not describe the details of blinding and concealment. The details of all the 72 articles are described in Table S1 .
network results
The networks of eligible comparisons on the primary outcome, OS, are shown in Figure 2 . The size of the nodes reflects the number of corresponding trials. The lines link the direct comparisons, and the thickness of the lines represents the number of trials comparing the two therapies. The network plot indicated that CF was included in the largest number of comparisons and that AF was included in the second largest number of comparisons. Although comparisons of AF and CF were common, few comparisons of AF_CRT and HF_CRT were identified.
We created hierarchies of effect size based on SUCRA rankings for all outcomes. All outcomes were outlined in the form of forest plots with all therapies compared to CF using the value of HRs with 95% CrIs. The complete results were recorded in the accompanying tables.
Efficacy outcomes
OS is the primary indicator of the efficacy. The Bayesian NMA demonstrated that all treatments were superior to CF alone, with HR effect sizes ranging from 0.64 to 0.83, and HACRT was significantly more effective than all the other treatments. Network comparisons of HACRT vs HART and HF_CRT vs HF showed a statistically significant OS benefit with an HR of 0.78 (95% CrI: 0.64-0.95) and 0.78 (95% CrI: 0.61-0.99), respectively (Table 1 and Figure 3A) . The results of node-splitting analysis of inconsistency indicated that the direct and indirect treatment effects between AF_CRT and CF (P=0.02) were inconsistent. Figure 3C ). Investigation of inconsistencies between direct and indirect evidence with node-splitting models detected that there were inconsistencies between AF and CF (P=0.003), AF and CF_CRT (P=0.004) and CF and CF_CRT (P=0.002).
safety outcomes
Acute toxicity and late toxicity could reflect the safety characteristics of the treatments. We assessed acute and late toxicity on skin and mucosa. With respect to serious (grade $3) acute skin toxicity, compared with CF, HF (RR: 1.60, 95% CrI: 1.06-2.40) and AF_CRT (RR: 1.62, 95% CrI: 1.11-2.51) 
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altered fractionation radiotherapy with or without chemotherapy in the treatment of hncs were significantly associated with an increased risk, whereas AF_CRT yielded more acute skin toxicity than CF_CRT (RR: 1.47, 95% CrI: 1.05-2.26). For acute mucosal toxicity, CF showed a strong and favorable benefit compared with other treatments, with a mean RR effect size ranging from 0.38 to 0.94; HART and CF_CRT were not statistically significant (Table 3 ). The top three treatments ranked by their SUCRA values were HART (84.5%), HACRT (74.4%) and CF (67.5%) for acute skin toxicity, and CF (94.7%), CF_CRT (88.5%) and HART (54.1%) for acute mucosal toxicity. For late toxicity, only HF (RR: 3.26, 95% CrI: 1.38-8.31) was significantly associated with an increased risk for late mucosal toxicity compared with CF_CRT. No other significant difference was observed among other intervention comparison groups for late toxicity ( Table 4 ). As shown in Figure 4 , HF_CRT and HART had the highest probability of being the treatment approaches with the least amount of toxicity on skin and mucosa for HNCs, as their SUCRA values were 82.8% and 54.9%, respectively.
For acute skin toxicity, late skin toxicity and late mucosal toxicity, significant inconsistencies between direct and indirect evidence were not found among the various treatment comparisons. However, with respect to acute mucosal toxicity, the direct and indirect treatment effects between AF_CRT and AF (P=0.012) and CF_CRT and AF (P=0.032) seemed to be inconsistent.
Discussion
Surgery is the mainstream treatment for patients with HNCs, but it leads to poor results. In attempts to improve patient outcomes, various forms of chemotherapy, radiotherapy, targeted therapy and immunotherapy have been introduced. Abbreviations: cF, conventional fractionation radiotherapy; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy; hacrT, accelerated hyperfractionated chemo radiotherapy. harT Notes: Treatments are reported in the order of efficacy ranking. Comparisons between treatments should be read from left to right, and the estimate is in the cell in common between the row-defining treatment and the column-defining treatment. Statistically significant results are in bold. Abbreviations: Os, overall survival; DFs, disease-free survival; cri, credible interval; cF, conventional fractionation radiotherapy; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy; hacrT, accelerated hyperfractionated chemoradiotherapy. Over the last several decades, a large body of high-quality evidence has shown that the addition of chemotherapy to radiotherapy 29, 30 or altering the fractionation 31,32 consistently and convincingly improves outcomes in locoregionally advanced HNCs. However, there is no conclusion about which one among altered fractionation radiotherapy treatments has a better prognostic effect.
The main goal of our study was to verify the efficacy (OS, DFS and LRC) and safety (acute and late toxicity on skin and mucosa) of eight treatments (CF, CF_CRT, HF, HF_CRT, AF, AF_CRT, HART and HACRT). Seventy-two papers, which included a total of 21,868 patients with HNCs, were analyzed. We chose OS, which crucially depends on the observation time, as the primary outcome for our analysis. Abbreviations: cri, credible interval; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy; hacrT, accelerated hyperfractionated chemoradiotherapy; sUrca, surface under the cumulative ranking curve. Notes: Treatments are reported in the order of efficacy ranking. Comparisons between treatments should be read from left to right, and the estimate is in the cell in common between the row-defining treatment and the column-defining treatment. Statistically significant results are in bold. Abbreviations: lrc, locoregional control; cri, credible interval; cF, conventional fractionation radiotherapy; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy; hacrT, accelerated hyperfractionated chemoradiotherapy.
OncoTargets and Therapy 2018:11 submit your manuscript | www.dovepress.com Dovepress Dovepress 5471 altered fractionation radiotherapy with or without chemotherapy in the treatment of hncs On the one hand, this measure is not biased by the outcome definition and assessment. On the other hand, it can comprehensively synthesize and cover nearly all deaths caused either by toxicity or by disease progression.
A mixed treatment comparison meta-analysis proved that among locoregional treatment, radiotherapy, chemotherapy, concomitant chemoradiotherapy, altered fractionation radiotherapy and altered fractionation concomitant chemoradiotherapy, the last one leads to the highest probability of survival in patients with nonmetastatic HNCs: 98% in a fixed effects model and $94% in a random effects model. 33 Based on this study, we synthetically explored and compared each altered fractionation radiotherapy strategy or its combination with chemotherapy for the first time. Our results showed that each altered fractionation radiotherapy strategy was superior to conventional radiotherapy, which is consistent with the conclusions of previous research. 32 In addition, the most important finding from our analysis was that HACRT was significantly more effective than all the other treatments. However, it may have been partially responsible for directing head and neck oncologists away from the altered fractionation radiotherapy, 34 whereas clinicians have Notes: Treatments are reported in the order of safety ranking. comparisons between treatments should be read from left to right, and the estimate is in the cell in common between the row-defining treatment and the column-defining treatment. Statistically significant results are in bold. Abbreviations: rr, risk ratio; cri, credible interval; cF, conventional fractionation radiotherapy; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy.
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liu et al readily adopted CF_CRT 35 as the contemporary standard of care in the radiotherapeutic management of locoregionally advanced HNCs. Most underdeveloped and developing countries (where HNC is a major burden) are lacking the radiotherapy infrastructure (equipment and human resources); therefore, patients must wait a long time for radiotherapy services.
Compared with traditional pairwise meta-analyses, NMA can present a comprehensive and transparent picture of hierarchies of combined direct and indirect evidence for all relative treatment effects and provide estimates with maximum power. [36] [37] [38] [39] A pairwise meta-analysis directly comparing the efficacy of CF_CRT with altered fractionation radiotherapy alone in locoregionally advanced head and neck squamous cell carcinoma significantly favored CF_CRT for OS (HR: 0.73, 95% CI: 0.62-0.86), DFS (HR: 0.79, 95% CI: 0.68-0.92) and LRC (HR: 0.71, 95% CI: 0.59-0.84), and there were no significant differences in the incidence of severe acute toxicity (dermatitis and mucosa). 40 However, the results of an adjusted indirect overall comparison metaanalysis suggested no significant difference between them in OS, 41 which is in accordance with our NMA results. There were no significant differences between CF_CRT and other altered fractionation radiotherapy treatments in OS and DFS. CF_CRT, which had the lowest SUCRA value, exhibited the worst local control effect compared to the other treatments, but it showed the lowest risk of acute mucosal toxicity in its SUCRA ranking. In a meta-analysis, an OS benefit was also noted for patients treated with HF than with AF. 31 However, no significant differences were found.
In general, unconventional radiotherapy combined with chemotherapy has a better effect than unconventional radiotherapy alone, accompanied by the increased risk of acute toxicity; however, late toxicity was not significantly different. According to the recent evidence on both chemotherapy and radiotherapy, these schedules of altered fractionation radiotherapy are feasible and tolerable combined with concurrent chemotherapy.
The SUCRA results indicated that HACRT was the treatment with the best ranking in all three efficacy indexes but had a relatively acceptable risk of safety, which clinicians could adopt for curative treatment strategies through which patients may live for decades and be confident in its safety. Improvements in the understanding of tumor biology and advancement in radiotherapy planning and delivery may further enhance the utilization of altered fractionation radiotherapy.
This study is the most complete NMA to assess altered fractionation radiotherapy or its combination with chemotherapy in HNC compared with many treatments, which appeared to offer clearer results on their efficacy and safety. Furthermore, a comprehensive search strategy, strict selection criteria and a large amount of data (72 included studies with 21,868 patients) increased the reliability of Figure 4 Forest plots of safety of different treatments compared to conventional fractionation radiotherapy: (A) acute skin toxicity; (B) acute mucosal toxicity; (C) late skin toxicity; and (D) late mucosal toxicity. Abbreviations: cri, credible interval; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy; hacrT, accelerated hyperfractionated chemoradiotherapy; sUcra, surface under the cumulative ranking curve.
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altered fractionation radiotherapy with or without chemotherapy in the treatment of hncs this analysis. However, there are several implicit limitations to our NMA. First, a few eligible studies reported data beyond 5 years with a limited follow-up period. The longterm relative efficacy and safety of these treatments have not been investigated in depth. Second, part of the included literature does not provide the corresponding outcome indicators directly. There will be some deviation in extracting the corresponding data from the survival curve. Third, the kind and dose of chemotherapy drugs and the timing of combination with chemotherapy (adjuvant, induction, alternating or concomitant) were not considered. There was a certain degree of difference between different drugs and the timing of chemotherapy in efficacy and safety, which may have a certain impact on our results. Fourth, we classified hybrid accelerated hyperfractionated, split-or late-course accelerated hyperfractionated and consecutive accelerated hyperfractionated as HART treatment. In future research, further advanced measures are compulsory for obtaining more accurate and appropriate results. Fifth, the results might be applied only to countries that have a welldeveloped medical infrastructure and an easily accessible healthcare system. Sixth, language restrictions on inclusion of the literature will lead to language selection bias. Exclusion of non-English studies may exclude studies that found a null effect and thus overestimate effectiveness.
Conclusion
Our study presents a comprehensive and transparent picture of hierarchies of the efficacy and safety of altered fractionation radiotherapy with or without chemotherapy in the treatment of HNCs. The results of Bayesian analysis supported the role of HACRT as the preferable treatment modality for HNCs with high OS, DFS and LRC. However, its acute mucosal toxicity is relatively significant. Therefore, cautious and individualized treatment decisions are encouraged. Abbreviations: cF, conventional fractionation radiotherapy; cF_crT, conventional fractionation chemoradiotherapy; hF, hyperfractionated radiotherapy; hF_crT, hyperfractionated chemoradiotherapy; aF, accelerated fractionation radiotherapy; aF_crT, accelerated fractionation chemoradiotherapy; harT, accelerated hyperfractionated radiotherapy; hacrT, accelerated hyperfractionated chemoradiotherapy.
